Recovery of Legionella pneumophila from clinical samples is often hindered by the presence of other bacteria in the samples. Several selective media have now been found to be useful in these situations, but a truly selective medium has yet to be developed. We reasoned that, since L. pneumophila is often recovered from hot water (4, 11, 13) , the temperature of which may inhibit other bacteria, heating of contaminated samples might improve the recovery of L. pneumophila. This study was designed to determine the heat sensitivity of clinical and environmental isolates of L. pneumophila, the heat sensitivity of some common clinical contaminants, and the recovery of L. pneumophila from contaminated clinical specimens with heat treatment of samples.
Heating of Legionella pneumophila and other Legionella spp. was Recovery of Legionella pneumophila from clinical samples is often hindered by the presence of other bacteria in the samples. Several selective media have now been found to be useful in these situations, but a truly selective medium has yet to be developed. We reasoned that, since L. pneumophila is often recovered from hot water (4, 11, 13) , the temperature of which may inhibit other bacteria, heating of contaminated samples might improve the recovery of L. pneumophila. This study was designed to determine the heat sensitivity of clinical and environmental isolates of L. pneumophila, the heat sensitivity of some common clinical contaminants, and the recovery of L. pneumophila from contaminated clinical specimens with heat treatment of samples.
MATERIALS AND METHODS
The study was performed over a 1-year period in a series of 33 experiments. The majority of the experiments were designed to determine the heat survival of clinical and environmental strains of Legionella spp. and of clinical strains of other organisms which are not inhibited by the selective medium used in this laboratory (6) . These studies were done to determine the feasibility of obtaining selective survival of Legionella spp. at elevated temperatures; the optimal temperature and the effect of inoculum size were also studied.
Clinical respiratory tract specimens, which were known to contain L. pneumophila on the basis of positive direct immunofluorescence (DFA) studies (2, 9) but which were overgrown by non-Legionella bacteria were subjected to heating and other selective techniques to determine whether specimen heating could significantly enhance recovery of L. pneumophila.
All Legionella spp. studied, except two, had been previously frozen at -70°C in vials containing skim milk for periods ranging from 1 year to several weeks. The vials were thawed at room temperature, and the contents were plated on buffered charcoal-yeast extract medium supplemented with 0.1% a-ketoglutarate (BCYEa medium) (6) . The plates were incubated for 48 h in a 35°C humidified-air incubator. Growth was harvested from plates with a sterile wooden stick and placed into sterile distilled water in a test tube containing sterile glass beads. The tube was mixed in a Vortex mixer, and the turbidity was adjusted to that approximating a one-half MacFarland barium sulfate standard by visual comparison with a standard. Serial 10-fold dilutions of the organism suspension were made with sterile distilled water. The dilutions, which ranged from 10-8 to 10-3, were plated on BCYEa medium to determine actual colony counts. One-milliliter volumes of the various dilutions were placed in a water bath at specified temperatures for specified periods of time. The temperature of the water bath was checked during the experiment with a mercury thermometer which had been calibrated with a U.S. Bureau of Standards certified thermometer.
At the end of the specified heating time, the tube was plunged into an ice-water bath for 15 L. pneumophila Philadelphia 1 (C) Togus 1 (C) Bloomington 2 (E) Los Angeles 1 (C) Dallas 1E (E) Chicago 2 (C) On the basis of data obtained in the singlestrain survival studies, it was decided to use 1-, 2-, and 3-min exposure times at 60°C for the clinical specimens. All of the clinical specimens were both culture and DFA positive for L. pneumophila; six were in serogroup 1 and one was in serogroup 4. Three were culture positive for L. pneumophila with plating on BCYEa medium without the use of selective techniques; all three of these plates contained rare L. pneumophila colonies mixed with other flora. It was only with the use of a dissecting microscope that these colonies were recognized. Use of BMPAa medium or acid washing or both enabled recovery of L. pneumophila from all seven specimens without heat treatment. Heat pretreatment did increase the number of plates which had growth of L. pneumophila. With no heat pretreatment, 13 of 28 plates (46%) were positive for L. pneumophila. With a 1-min exposure, 15 of 28 (54%) were positive; with 2-and 3-min exposures, 17 of 28 (61%) were positive. There was no significant difference between the number of plates positive with no heating and those positive with heating for 3 min (P > 0.20 by chisquare analysis). When growth only on BCYEa medium was considered, there was no difference in plates positive for L. pneumophila with or without heat pretreatment. Heat pretreatment at all exposure times did increase the numbers of L. pneumophila on the BCYEa plates as well as decrease the numbers of contaminants. Heat pretreatment did not prevent growth of L. pneumophila on the selective plates. Many non-L. pneumophila organisms also survived heating of the clinical specimens (Table 2) .
Heat pretreatment of two environmental specimens plated on BCYEa medium did not increase the recovery of L. pneumophila over that observed with plating without heat pretreatment on BMPAa medium alone. It did increase the number of BCYEa and BMPAa plates having pure growth of L. pneumophila from none with no heat pretreatment to three with 3 min of heat pretreatment. DISCUSSION Single-strain heat tolerance studies showed that some of the Legionella spp. were relatively resistant to heating at 60°C. There was considerable strain heterogeneity observed, making it unlikely that heat pretreatment of specimens could be expected to enhance isolation of Legionella in all cases. This variable heat tolerance does not appear to correlate with organism source; three of the five most resistant Legionella spp. were clinical isolates, and two were VOL . 16, 1982 on October 12, 2017 by guest http://jcm.asm.org/ Downloaded from 
